INTRODUCTION
In early human development, as in that of other mammals, it is believed that hemopoiesis begins in the yolk sac. Primitive progenitors are thought to migrate to fetal liver and finally to the bone marrow, which remains the primary source of hemopoietic cells throughout adult life. In keeping with this model, erythropoietic activity is present in the liver of the 6-week-old embryo with granulopoiesis occurring a 7 weeks (Bloom and Bartelmez, 1940) . The fetal liver is the primary source of red cells from the 9th to the 24th week of gestation, whereas eythropoiesis and granulopoiesisis are first evident in the bone marrow of the 10-to l 1-week-old embryo (Bloom and Bartelmez, 1940) . Hemopoietic activity increases rapidly in the ensuing weeks with the "Corresponding author. marrow becoming the major site of hemopoiesis after the 24th week of gestation. Although lymphopoiesis has not been observed in the yolk sac, it is present in the lymphoid plexuses at 9 weeks and in the lymph glands by 11 weeks of gestation (Gupta et al., 1976) .
Although transfer of hemopoietic activity from the liver to the bone marrow is virtually complete at the time of birth, it has been shown that human umbilical cord blood (HUCB) is rich in hemopoietic progenitor cells (Broxmeyer et al., 1989) . Human umbilical cord blood, which in the past was discarded with the placental tissue, provides a convenient source of fetal hemopoietic cells for scientific analysis and clinical use. In this review, we will examine the properties of lymphohemopoietic cells in HUCB and outline the differences between these cells and those found in adult peripheral blood (Table 1) Okino, 1987 Okino, 1987 Small et al., 1989 Small et al., 1989 Small et al., 1989 Clement et al., 1990 Clement et al., 1990 Clements t al., 1990
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Circulating blood cells are derived and replaced by the hemopoietic stem and progenitor cell pools (Williams et al., 1987) . Hemopoietic progenitor cells are present in human adult bone marrow but also in adult peripheral blood and umbilical cord blood (Caracciola et al., 1989) . All human hemopoietic progenitor cells as well as bone marrow reconstituting (stem) cells express CD34-antigens (Civin et al., 1987; Berensson et al.; 1988a , 1988b (Ma et al., 1987) .
Although normal adult blood has had some use as an alternative source (To and Juttner, 1987) , in practice, the content of stem/progenitor cells is so low that multiple leukophoreses are necessary (To and Juttner, 1987) . This is also a limitation in using this source for in vitro studies, although the number of progenitor cells has been reported to increase transiently in patients undergoing intense chemotherapy or following G-CSF infusion (Juttner et al., 1990) . In general, numbers of hemopoietic progenitor cells are monitored by clonogenic assays. These allow for the growth and differentiation of progenitor cells, resulting in hemopoietic colonies after various periods of culture (Lajtha, 1979) . In vitro culture of HUCB has demonstrated multipotential (CFU-GEMM), erythroid (BFU-E), and granulocytemacrophage (CFU-GM) progenitor cells (Leary et al., 1984) (Salahuddin et al., 1981; Smith and Broxmeyer, 1986) . CORD BLOOD PROGENITOR CELLS 3 We recently described the purification of highly purified CD34+ progenitor cells from HUCB by immunodepletion followed by positive FACS sorting (Cicuttini et al., 1992a . However, significantly fewer CFU-GEMM were observed when bone marrow was cultured under similar conditions (Anderson et al., 1990; Nocka et al., 1990; McNeice et al., 1991 (Juttner et al., 1985) . We have used this assay to examine subpopulations of hemopoietic cells from HUCB. (Rh-123) is a supra-vital fluorochrome dye that is a useful tool for the hierarchical ordering of transplantable hematopoietic stem-cell, populations (Fauser and Messner, 1979 (Bertoncello et al., 1985; Ploemacher and Brons, 1989 (Dexter et al., 1977) and were subsequently adapted to sustain long-term hemopoiesis with marrow derived from other species including humans (Moore and Sheridan, 1971; Moore et al., 1979 ). Long-term culture is a more reliable measure of primitive progenitor cells than CFU-GM assay (Sutherland et al., 1989) . Unlike normal bone marrow cells, cord blood cannot be established in primary long-term culture because it does not contain sufficient stromal precursor cells to provide the microenvironment necessary for self-renewal and differentiation of hemopoietic cells (Hows et al., 1992) . However, when preformed marrow stroma was provided, CD34+ cells from HUCB could produce CFC for many weeks in culture (Cicuttini et al., 1992b) . Indeed, the amplitude and length of progenitor cell production from cord blood in culture were shown to be superior to those of normal bone marrow, suggesting that the proportion of marrow "stem" cells is greater (Hows et al., 1992 (Andrews et al., 1989 (Andrews et al., , 1990 Brandt et al., 1990; Verfaillie et al., 1990 ). We examined the various CD34+ subpopulations in human cord blood for the presence of LTC-IC by using stromal-cell lines (SCL) in which the rate of proliferation could be controlled by altering the zinc concentration (Cicuttini et al., 1992b ). As we have reported (Cicuttini et (Okino, 1987) . The mean relative frequency of B lymphocytes in cord blood is also higher, being 11.4% of total lymphocytes compared to 5.4% in adult blood (Okino, 1987 (Small et al., 1989) . Approximately half of the surface Ig B lymphocytes express the CD5 Ag (Antin et al., 1986; Bofil et al., 1985; Durandy et al., 1990 (Boumsell et al., 1980; Plater-Zyberg et al., 1985; Hardy and Hayakawa, 1986; Sthoeger et al., 1989) .
In addition to CD5 expression, a significant proportion of both CD5+ and CD5-newborn B cells express activation antigens (Durandy et al., 1990) . Half of the slg+ lymphocytes express the transferrin receptor and 10% the antigen defined by the Bac-1 mAb, both being early activation markers; (Larrick and Cresswell, 1980; Haynes et al., 1981) . CD23, which has been shown to be a low-affinity Fc receptor of IgE (Bonnefoy et al., 1987) , is also found on a significant number of B cells (Durandy et al., 1990) . The detection of CD23 on normal resting cord blood B cells may not always reflect B-cell activation (Small et al., 1989 Recently, surface markers have been identified that seem to distinguish between "naive" versus "memory" T cells (Kingsley et al., 1988; Notarangelo et al., 1988; Landesberg et al., 1988; Sanders et al., 1988; Bradley et al., 1989; Clement et al., 1990) . In contrast to CD4+ cells from adults, greater than 90% of cord blood CD4 + cells express high levels of CD45RA and L-selectin (Leu-8) (Clement et al., 1990) and have low levels of CD45RO (Sanders et al., 1988) . The CD45RA antigen is first expressed by T-lineage cells relatively late during their intrathymic maturation and continues to be expressed by most T cells in the immunologically naive neonate (Clement, 1992 (Clement et al., 1990) .
Cytokine production CD4 + T lymphocytes in the mouse were originally divided into at least two functionally distinct subsets base upon the pattern of lymphokines secreted (Mosmann and Coffman, 1989; Street and Mosmann et al., 1991 (Ehlers and Smith, 1991) . They respond to activation by proliferation, yet cannot secrete effector lymphokines other than IL-2. Cord blood T cells have a significantly enhanced proliferative responsiveness to IL-2 and an enhanced production of IL-2 compared to adult T cells (Rizzo et al., 1987; Fairfax and Borzy, 1988) . In contrast, production of IL-4 by cord blood CD4 T cells, and IFN-gamma by cord blood CD4 + and CD8 + T cells, is less compared with analogous adult cell populations (Pastorelli et al., 1990; Lewis et al., 1991 (Abo et al., 1982) , the proportions of CD16 + lymphocytes are equal to those of adult peripheral blood (Tarakkanan and Saksela, 1982; Perussia et al., 1983) . The NK activity, of newborn peripheral blood is lower than that of adult blood (Uksila et al., 1982; Uksila et al., 1983) but can be enhanced by IL-2 (Ueno et al., 1985) and interferon (IFN) (Herberman and Ortaldo, 1981; Trinchieri and Perussia, 1984; Hercend and Schmidt, 1988 (Uksila et al., 1982) We have described the isolation of a unique subpopulation of CD7+ cells from human umbilical cord blood that in part corroborates and extends these earlier observations (Cicuttini et al., 1993 (Beatty et al., 1988) . Thus, many patients die or deteriorate before suitable transplant donors can be found (Ruuta et al., 1990) . In addition, the risk of life-threatening acute graft-versus-host disease after unrelated marrow transplantation is high compared with the risk of HLA-identical sibling transplantation (Beatty et al., 1991) .
HUCB may be one potential source of hemopoietic stem cells. HUCB is rich in hemopoietic progenitor cells, as measured in standard clonogenic assays for burst-forming units and granulocytemacrophage colony-forming cells (Broxmeyer et al., 1989) . HUCB has resulted in successful engraftment in a number of patients (Karson et al., 1992) (Received October 10, 1993) (Accepted December 3, 1993) 
